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ENGINE VALVE ACTUATOR ASSEMBLY 
CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in-part of co-pending U.S. Patent 

Application Serial No. 10/392,292, filed March 18, 2003, which is hereby incorporated 
by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to intake or exhaust valve 

actuators for engines and, more particularly, to a valve actuator assembly for 
continuously variable lift, phasing, and cylinder deactivation for an internal combustion 
engine. 

BACKGROUND OF THE INVENTION 

[0003] It is known to provide a valve train or valve actuator assembly for an 

engine such as an internal combustion engine of a vehicle such as a motor vehicle. 
Typically, the valve train includes one or more valves, a cam shaft having one or more 
cams, and a tappet contacting each cam and valve. Typically, engine valve actuation is 
accomplished via the engine-driven camshaft. 

[0004] It is also known to provide a valve train for an internal combustion 

engine having a valve with an adjustable stroke or variable lift. In this patent, the 
adjustment of the stroke or lift of the valve takes place by an eccentric shaft, which 
displaces the supporting point of a transfer element disposed between each cam and 
each intake/exhaust valve, in which case the two eccentrics assigned to one cylinder are 
of a different geometry. The transfer element is formed by a valve lever, which is 
supported on the eccentric and is actuated by the cam, which valve lever, in turn, acts 
upon a rocker lever. 

[0005] One disadvantage of some of these valve trains is that desired phasing is 

achieved via a camshaft phaser, which is unacceptable for high compression combustion 
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systems, wherein each valve must be capable of having its own specifiable lift and 
phase setting. Another disadvantage of some of these valve trains is that they do not 
provide continuously variable valve lift, phasing, and cylinder deactivation. A further 
disadvantage of some of these valve trains is that they have only one degree-of-freedom 
control, coupling the lift and phase of the engine valve, and therefore they require an 
additional phaser for the camshaft. 

[0006] As a result, it is desirable to provide a valve actuator assembly for an 

engine that improves valve lift, phasing, and cylinder deactivation. It is also desirable 
to provide a valve actuator assembly for an engine having more than one degree-of- 
freedom to allow decoupling of lift and phasing for an engine valve. It is further 
desirable to provide a valve actuator assembly for an engine that eliminates the use of a 
phaser for desired phasing of an engine valve. Therefore, there is a need in the art to 
provide a valve actuator assembly for an engine that meets these desires. 

SUMMARY OF THE INVENTION 

[0007] It is, therefore, one object of the present invention to provide a new 

valve actuator assembly for an engine. 

[0008] It is another object of the present invention to provide a valve actuator 

assembly for an engine that has continuously variable valve lift, phasing, and cylinder 
deactivation. 

[0009] To achieve the foregoing objects, the present invention is a valve 

actuator assembly for an engine. The valve actuator assembly includes a movable 
engine valve. The valve actuator assembly also includes a movable roller finger 
follower operatively engaged with the engine valve, a rotatable cam, and an 
intermediate finger follower operatively engaged with the roller finger follower and the 
cam. The valve actuator assembly also includes at least one actuator operatively 
cooperating with the intermediate finger follower to position the intermediate finger 
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follower in two directions relative to the cam to move the roller finger follower to 
position the engine valve at a desired lift and phasing. 

[0010] The intermediate finger follower may be operatively engaged with the 

cam and the roller finger follower by direct physical contact, or via first and second 
rollers. If rollers are used, then a stationary curved ramp is provided to guide 
movement of the second roller as it is engaged with the intermediate finger follower 
and the roller finger follower. The continuous operative connection between the cam, 
the intermediate finger follower and the roller finger follower is achieved by springs 
biasing the roller finger follower of the second roller. 

[0011] One advantage of the present invention is that a valve actuator assembly 

is provided for an engine for continuously variable valve lift, phasing, and cylinder 
deactivation. Another advantage of the present invention is that the valve actuator 
assembly has increased functionality, i.e., independent control of valve lift and phase 
for each individual engine valve. Yet another advantage of the present invention is that 
the valve actuator assembly has precision and repeatability and does not suffer from 
temperature dependent fluid characteristics of hydraulic systems. Still a further 
advantage of the present invention is that the valve actuator assembly has two degrees- 
of-freedom control of an intermediate lever pivot that allows decoupling of lift and 
phasing for an engine valve. A further advantage of the present invention is that the 
valve actuator assembly allows individual valve control for a high compression engine. 
Yet a further advantage of the present invention is that the valve actuator assembly has 
cam-based actuation that enables precise operation. 

[0012] Another advantage of the invention is that continuous contact is 

maintained between the moving parts, so noise is minimized. 

[0013] Other objects, features, and advantages of the present invention will be 

readily appreciated, as the same becomes better understood, after reading the 
subsequent description taken in conjunction with the accompanying drawings. 
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[0014] The above features and other features and advantages of the present 

invention are readily apparent from the following detailed description of the best modes 
for carrying out the invention when taken in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a diagrammatic view of a valve actuator assembly, according 

to the present invention, illustrated in operational relationship with an engine. 
[0016] Figure 2 is a view similar to Figure 1 of the valve actuator assembly in 

various positions corresponding to different valve lift and phasing. 
[0017] Figure 3 is a diagrammatic view of the valve actuator assembly of Figure 

1 illustrated for computations of the location of an intermediate finger follower. 
[0018] Figure 4 is a diagrammatic view of a valve actuator assembly according 

to an alternative embodiment of the present invention. 

[0019] Figure 5 is a view similar to Figure 4 of the alternative valve actuator 

assembly in a different position corresponding to different valve lift and phasing. 
[0020] Figure 6 is a partial perspective view of a valve actuator on an engine, 

corresponding with the embodiment of Figures 4 and 5. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] Referring to the drawings and in particular Figure 1 , one embodiment of 

a valve actuator assembly 10, according to the present invention, is shown for an 
engine, generally indicated at 12, of a vehicle (not shown). The engine 12 is of an 
internal combustion type. The engine 12 includes an engine block 14 having at least 
one opening 16 therein in communication with at least one internal combustion chamber 
(not shown). The engine 12 also includes a movable engine valve 18 for each opening 
16. The engine valve 18 has a valve stem 20 and a valve head 22 at one end of the 
valve stem 20. The engine valve 18 is movable to open and close its respective opening 
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16 between an open position and a closed position. It should be appreciated that the 
engine valve 18 may be either an intake or exhaust valve. It should also be appreciated 
that the valve actuator assembly 10 is a valve train for the engine 12. It should further 
be appreciated that, except for the valve actuator assembly 10, the engine 12 is 
conventional and known in the art. 

[0022] The valve actuator assembly 10 includes a housing 24 disposed adjacent 

the engine block 14. The housing 24 has a chamber 26 therein. The valve actuator 
assembly 10 includes an engine valve spring 28 disposed in the chamber 26 about the 
valve stem 20 and contacting the engine block 14 to bias the engine valve 18 toward the 
closed position. It should be appreciated that the valve head 22 closes the opening 16 
when the engine valve 1 8 is in the closed position. 

[0023] The valve actuator assembly 10 also includes a roller finger follower 30 

to control the position of the engine valve 18. In the embodiment illustrated, the roller 
finger follower 30 has one end in contact with one end of the valve stem 20 opposite 
the valve head 22 at a contact point 32. The valve actuator assembly 10 also includes a 
hydraulic lash adjuster 34 adjacent the other end of the roller finger follower 30. The 
lash adjuster 34 is pivotally connected to the other end of the roller finger follower 30 
at an attachment point 36. It should be appreciated that the attachment point 36 is a 
pivot point for the roller finger follower 30. 

[0024] The valve actuator assembly 10 further includes an intermediate finger 

follower 38 to control the position of the roller finger follower 30. In the embodiment 
illustrated, the intermediate finger follower 38 has one end contacting the roller finger 
follower 30. The valve actuator assembly 10 includes a first actuator 40 connected to 
one end of the intermediate finger follower 38 at an attachment point 42 to position the 
intermediate finger follower 38. The valve actuator assembly 10 also includes a second 
actuator 44 connected to the first actuator 40 to position the first actuator 40. The 
actuators 40 and 44 are of a linear type such as a solenoid electrically connected to a 
source of electrical power such as a controller 45 . It should be appreciated that the 
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second actuator 44 may be connected to one end of the intermediate finger follower 38 
at the pivot point 42 to position the intermediate finger follower 38 and the first 
actuator 40 connected to the second actuator 44 to position the second actuator 44. It 
should also be appreciated that any suitable two degree -of-freedom device, such as a 
linear slide and rotary pivot or two rotary pivots in series, can be used to position the 
pivot point 42 in order to obtain a desired lift and phasing of the engine valve 18. 
[0025] The valve actuator assembly 10 further includes at least one rotatable 

cam 46 attached to a cam shaft (not shown) for cooperating with the intermediate finger 
follower 38. The cam 46 has a cam center 48 that is fixed but rotatable. It should be 
appreciated that the inclination of the intermediate finger follower 38 provides phasing 
of the engine valve 18 and the distance of the intermediate finger follower 38 from the 
cam center 48 provides lift of the engine valve 18. It should also be appreciated that 
the actuators 40 and 44 may be any suitable device that generates straight-line motion. 
It should further be appreciated that the controller 45 energizes and de-energizes the 
actuators 40 and 44 to move the intermediate finger follower 38. 
[0026] In operation of the valve actuator assembly 10, the engine valve 18 is 

shown in a closed position as illustrated in Figure 1 . The cam 46 pushes against the 
intermediate finger follower 38, which in turn pushes against the roller finger follower 
30, thereby opening the engine valve 18. The pivot of the intermediate finger follower 
38 is carried on by the actuators 40 and 44 in the horizontal (x) and vertical (y) 
directions. The actuators 40 and 44 enable the location of the pivot point 42 of the 
intermediate finger follower 38 at any point in the plane of Figure 1. This allows 
independent control of lift and phasing of the engine valve 18. It should be appreciated 
that lift can be varied continuously from zero to a predetermined maximum lift. It 
should also be appreciated that phasing can also be varied continuously for any 
camshaft angle, preferably from minus fifteen degrees (-15°) of camshaft angle to plus 
fifteen degrees (+ 15°) of camshaft angle, at any lift setting. 
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[0027] As illustrated in Figure 2, the phantom lines show different positions of 

the intermediate finger follower 38 corresponding to different levels of lift and phasing 
of the engine valve 18. The intermediate finger follower 38 is illustrated in solid lines 
with nominal phasing. As the intermediate finger follower 38 is moved away from the 
cam center 48 or axis of rotation by the first actuator 40, the level of lift of the engine 
valve 18 decreases. The intermediate finger follower 38 is illustrated in solid lines with 
zero lift. Furthermore, the inclination of the intermediate finger follower 38 is 
correlated with valve phasing. A steep inclination of the intermediate finger follower 
38 with respect to the horizontal indicates phase advance as illustrated by the phantom 
lines and designated as "A" in Figure 2 and a shallow inclination of the intermediate 
finger follower 38 with respect to the horizontal indicates a phase retard as illustrated 
by the phantom lines and designated as "B" in Figure 2. 

[0028] Referring to Figure 3, computation of the pivot location or pivot point 42 

for the intermediate finger follower 38 for the desired lift (lifW) and phasing (D) is 
illustrated. The length of the intermediate finger follower 38 is Iiff. For each desired 
value of lift and phase, the unique position of the intermediate finger follower 38 is 
computed in four steps. In step 1, compute the nominal contact point for desired 
phasing and zero lift as follows: 

Nominal Contact Point 

**Q=-* lS ing COS *> 
6 1 tan 6 

Y NC e = - h 

In step 2, compute nominal pivot point corresponding to this contact point as follows: 



Nominal Pivot Point 

X NP 0 = x NCo ' l IFF cos ^ 
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yNP e = ' h+l IFF sin# 
In step 3, compute Qx using the following equations: 

HfiRFF =( MftlFF cos x {ratio jiff) 

ratio RFF = l RFF 

x NC e + Sx ' x RFF 
liftl FF = (t5jc sin 0) x (ratio/ f F ) 

ratiojpp = llFF 



. _ ( /t - (/?! - Sx sin fl) cos 9 ) 
/FF sin 6> 



In step 4, compute pivot location of the intermediate finger follower 38 as follows: 
(X NP> yNP )= (x NP e > y NPo>+ < Sx >°> 



[0029] The valve actuator assembly 10 of the present invention has increased 

functionality, i.e. independent control of valve lift and phase for each individual valve; 
this means that at any given time, each valve of the engine could be at a different level 
of lift and phase. The valve actuator assembly 10 of the present invention improves 
precision and repeatability. The valve actuator assembly 10 of the present invention 
has an intermediate finger follower 38 that allows variable lift and phasing of the engine 
valve 18. The valve actuator assembly 10 of the present invention has two degrees-of- 
freedom control of the pivot point 42 of the intermediate finger follower 38 and this 
allows it to decouple lift and phasing of the engine valve 18. 

[0030] An alternative embodiment of the invention is shown in Figures 4-6. In 

this embodiment, the valve actuator assembly 110 is provided on an engine 112 which 
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includes an engine block 1 14 having at least one opening 116 therein in communication 
with at least one internal combustion chamber (not shown). The engine 112 also 
includes a movable engine valve 118 for each opening 116. The engine valve 118 has a 
valve stem 120, with a valve head 122 at one end of the valve stem 120. This structure 
is similar to that shown and described with respect to Figures 1 and 2. 
[0031] The valve actuator assembly 110 includes an engine valve spring 128 

disposed about the valve stem 120 and contacting the engine block 1 14 to bias the 
engine valve 118 toward the closed position. 

[0032] The valve actuator assembly 110 also includes a roller finger follower 

130 to control the position of the engine valve 118. The roller finger follower 130 has 
one end in contact with one end of the valve stem 120 opposite the valve head 122 at a 
contact point 132. The valve actuator assembly 110 also includes a hydraulic lash 
adjuster 134 adjacent the other end of the roller finger follower 130. The lash adjuster 
134 is pivotally connected to the other end of the roller finger follower 130 at an 
attachment point 136. It should be appreciated that the attachment point 136 is a pivot 
point for the roller finger follower 130. 

[0033] The valve actuator assembly 110 further includes an intermediate finger 

follower 138 which is operative to control the position of the roller finger follower 130. 
The first roller 137 is pinned to the intermediate finger follower 138. The intermediate 
finger follower 138 is operatively engaged with the cam 146 via the first roller 137. 
[0034] The valve actuator assembly 110 includes a first actuator 140 operatively 

connected to one end of the intermediate finger follower 138 at a pivot point 142 to 
horizontally position the intermediate finger follower 138. The valve actuator assembly 
110 also includes a second actuator 144 connected to the first actuator 140 to vertically 
position the first actuator 140. The actuators 140 and 144 are of a linear type such as a 
solenoid electrically connected to a source of electrical power such, as a controller 145. 
These actuators 140, 144 are operative as actuators 40, 44 are described with reference 
to Figures 1 and 2. It should also be appreciated that any suitable two degree-of- 
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freedom device, such as a linear slide and rotary pivot or two rotary pivots in series, 
can be used to position the pivot point 142 in order to obtain a desired lift and phasing 
of the engine valve 118. 

[0035] The cam 146 has a cam center 148 that is fixed but rotatable. It should 

be appreciated that the vertical and horizontal positioning of the pivot point 142 affect 
phase variation and lift variation of the engine valve 118. 

[0036] The valve actuator assembly 110 also includes a second roller 139 which 

is in continuous contact with the intermediate finger follower 138, the roller finger 
follower 130, and the stationary curved ramp 141. The second roller 139 is biased by 
the spring 143 toward the intermediate finger follower 138. The curved ramp 141 is 
fixed to the engine block (or other stationary component) and is operative to guide 
movement of the roller 141, thereby affecting movement of the roller finger follower 
130, and therefore affecting movement of the valve 118. 

[0037] The engine valve 1 18 is shown in a closed position in Figure 4. In 

operation, the cam 146 pushes against the first roller 137, which causes the 
intermediate finger follower 138 to swing, and the intermediate finger follower pushes 
against the second roller 139, which rolls along the ramp 141. When the second roller 
139 reaches the curved portion 147 of the stationary ramp 141, it then forces the roller 
finger follower 130 downward, which then opens the valve 118. The radius of 
curvature of the curved portion 147 of the ramp 141 must be greater than the radius of 
the second roller 139. 

[0038] The actuators 140 and 144 enable the location of the pivot point 142 of 

the intermediate finger follower 138 to be at any point in the plane of Figure 4. This 
allows independent control of lift and phasing of the engine valve 118. It should be 
appreciated that lift can be varied continuously from zero to a predetermined maximum 
lift. It should also be appreciated that phasing can also be varied continuously for any 
cam shaft angle, such as from -15° of cam shaft angle to + 15° of cam shaft angle at 
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any lift setting. This type of functionality is considered essential for advanced 
combustion systems, such as homogeneous charge compression ignition. 
[0039] The springs 128, 143 maintain the roller 137 in continuous contact with 

the cam 146, and also maintain the roller 139 in continuous contact with the 
intermediate finger follower 138, the roller finger follower 130, and the stationary 
curved ramp 141. 

[0040] Accordingly, vertical displacement of the pivot point 142 results in either 

a phase advance or retard, because the lobe of the cam 142 meets the first roller 137 
either earlier or later during the course of its rotation, thereby shifting the phase of the 
valve opening. Valve lift, which is dependent on the extent of oscillation of the 
intermediate finger follower, is not significantly affected by such vertical displacement 
of pivot point 142. 

[0041] Horizontal displacement of the pivot point 142 results in either an 

increase or decrease of the valve lift, without a change in phasing. If the pivot point 
142 is moved to the left, as shown in Figure 5, then, for a given oscillation of the 
intermediate finger follower 138, the second roller 139 spends more time on the flat 
portion (zero lift or lost motion portion, which is the horizontal portion in Figures 4 
and 5) of the stationary curved ramp 141, than on the curved portion 147 (the opening- 
closing portion of the ramp). Thus, valve lift is reduced. When the pivot point 142 is 
moved to the right, for a given oscillation of the intermediate finger follower 138, the 
roller 139 spends more of its time on the curved portion 147 of the stationary ramp 
141, and goes further along the curved portion 147 of the stationary ramp 141, 
resulting in a larger valve opening. Phasing, which is determined by the point in the 
driving cam's cycle at which the cam lobe meets the roller 137, is not affected by such 
horizontal displacement of the pivot point 142. 

[0042] Turning to Figure 6, a partial perspective view is shown of an actuator 

assembly 110 attached to an engine 112 in accordance with the embodiment of Figures 
4-5. Like reference numerals are used in Figure 6 to illustrate like components from 
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Figures 4 and 5. In particular, Figure 6 illustrates the relationship between the 
intermediate finger follower 138, the first roller 137, the second roller 139, the 
stationary curved ramp 141, and the roller finger follower 130. Figure 6 also shows 
the spring 128 which upwardly biases the roller finger follower 130 so that the second 
roller 139 is constrained between the roller finger follower 130 and the stationary 
curved ramp 141. The spring 143 of Figures 4 and 5 is not shown in Figure 6, but it 
biases the second roller 139 against the intermediate finger follower 138 to maintain 
continuous contact between the moving components. Spring 143 also maintains the 
continuous contact between the intermediate finger follower 138 and the cam 146. 
Figure 6 also shows the relationship of the actuators 140, 144 with respect to the pivot 
point 142 of the intermediate finger follower 138. 

[0043] The present invention has been described in an illustrative manner. It is 

to be understood that the terminology, which has been used, is intended to be in the 
nature of words of description rather than of limitation. 

[0044] Many modifications and variations of the present invention are possible 

in light of the above teachings. Therefore, within the scope of the appended claims, the 
present invention may be practiced other than as specifically described. 
[0045] While the best modes for carrying out the invention have been described 

in detail, those familiar with the art to which this invention relates will recognize various 
alternative designs and embodiments for practicing the invention within the scope of the 
appended claims. 

[0046] While the best modes for carrying out the invention have been described 

in detail, those familiar with the art to which this invention relates will recognize various 
alternative designs and embodiments for practicing the invention within the scope of the 
appended claims. 



